Background: Colorectal carcinoma (CRC) is one of the serious causes of morbidity and mortality worldwide. It is characterized by activating mutations in genes encoding Receptor Tyrosine Kinases (RAS, RAF, MEK1 or MEK2) which act as driving oncogenes. DIAPH3 deficiency has been reported to enhance cancer cell motility, invasion and metastasis and also correlates with aggressive behaviour of cancer. Aim: To study the overexpression of MEK1 and DIAPH3 in CRC patients and their prognostic significance. Methods: We examined the immunohistochemical expression of MEK1 and DIAPH3 using tissue microarray technique in 150 CRC specimens divided into two groups. The mucinous group (MG) included specimens of 56 mucinous adenocarcinoma and 19 signet ring cell carcinoma, while the non-mucinous group (NMG) included 75 non-mucinous adenocarcinoma specimens for comparison. Results: MEK1 and DIAPH3 were strongly expressed in >50% of the studied specimens. The positivity of MEK1 expression was significantly higher in NMG compared to MG (66.7% and 34.3%, respectively; p<0.001). In all cases, the overexpression of MEK1 was significantly associated with peri-tumoral and intra-tumoral lymphocytic response (p=0.005 and 0.008, respectively). Furthermore, MEK1 overexpression showed statistically significant correlation with better OS (p=0.023) in the whole group of patients. The expression of DIAPH-3 did not differ significantly between NMG and MG (53.3% and 47.1%, respectively; p=0.456). There was strong relation between the overexpression of MEK1 and DIAPH3 (p<0.001).
INTRODUCTION
Colorectal carcinoma (CRC) represents the 3 rd most prevalent cancer and the 4 th common cause of cancer mortality worldwide 1 . It accounts for 9.7 % of the incidence of all cancers worldwide and 6.5% in Egypt 2, 3 .
Adenomas are the precursors of most CRCs according to the well described Vogelstein adenomacarcinoma sequence, which is the most common pathogenic pathway in the tumorigenesis of colorectal cancers 4 . Adenomas show a progressive accumulation of genetic and epigenetic changes that are the main cause of tumor occurrence. The molecular events associated with CRC progression are due to genomic alteration causing the accumulation of somatic aberrations. It acts via a few pathways including microsatellite instability and chromosomal instability. These changes occur, either alone or in combination, leading to the development of tumors with different clinicopathological features 5 . Adenocarcinomas represent >90% of CRCs. Signet ring, mucinous, medullary, micropapillary, and cribriform comedo-type are pathological examples of adenocarcinomas which are well described [6] [7] [8] . Mucinous adenocarcinoma represnts 5% to 15% of CRC cases. It is a pathologic subtype of CRC characterized by mucin pools with floating malignant epithelium constituting >50 percent of the tumor and being rare leads to difficulty in studying their clinico-pathologic characteristics and clinical correlates 9 . The importance of this subtype lies in the differences between mucinous adenocarcinoma and non-mucinous adenocarcinoma in relation to clinico-pathologic characteristics, distinct genetic profiles, and pathogenic pathways 10 . Foda et al showed that mucinous adenocarcinoma subtypes of CRC carry poor prognosis and that the upregulation of HER2 and Ki67 appears to play a major role in the oncogenesis of CRCs 8 .
The mitogen-activated protein kinases (MAPKs) are important components of signal transduction pathways that play crucial role in cellular processes 11 . Downregulation of MAPKs, specially the extracellularsignal regulated kinases 1 and 2 (ERK1/2) and the effector kinases of the Ras/Raf/MEK/ERK1/2 pathway, is activated in many cancers. Therefore, this pathway has been a potential target for the development of anticancer treatment 12 . MEK1 and MEK2 are dual-specificity kinases that activate ERK1 and ERK2. MEK1 and MEK2 are directly phosphorylated and activated via the RAF protein kinases 13 . BRAF is a serine-threonine kinase that can be activated by KRAS. It forms the highest level element of the RAF-MEK-ERK (MAPK) kinase cascade 14 . MEK1 and MEK2 play important role in cancer since the recognition of their strategic role in the RAS-RAF-MEK-ERK pathway and the demonstration that enhancing mutations in the cDNAs encoding MEK1 and MEK2 that mimicked activation loop phosphorylation could transform cells and lead to tumorigenesis 15 . The first report of an amino acid-altering MEK mutation was in a lung cancer cell line in 1997. The functional consequences were not identified 16 . Firstly in 2007, the activating mutations in MEK1 or MEK2 were reported in cell lines of ovarian cancers 15 . Functioning activating mutations in MEK1 and/or MEK2 have been reported in some cancers like melanoma, CRC and lung cancer 17 . Genetic alterations in EGFR pathway biochemically converge to activate MEK and ERK. These pathways are adjusted by positive and negative feedback and crosstalk mechanisms 18 . DIAPH3 is a diaphanous related formin 3. It is a formin homology protein with FH1 and FH2 domains signalling effectors for polarization of actin filaments and assembly. Expression of DIAPH formins in tumor cells is essential for stabilizing interphase or metaphase microtubules 19 . Hager et al demonstrated that DIAPH3 genomic loss is associated with many tumour types and that DIAPH3 resides at an important signalling pathway that controls the amoeboid phenotype. They showed that DIAPH3 silencing impairs endocytosis, disrupts microtubules, and stops EGFR down regulation, so enhancing EGFR activity and that of its downstream effectors ERK and MEK. DIAPH3 deficiency also enhances motility, invasion and metastasis and markedly correlates with aggressive behaviour in many cancers 20 . To the best of our knowledge, the roles of MEK1 and DIAPH3 in CRCs have not been thoroughly investigated yet.
In this study, we aimed to explore the pattern of immune-histochemical overexpression of MEK1 and DIAPH3 in mucinous and non-mucinous adenocarcinoma CRC specimens. The pattern of expression was correlated with the clinicopathological features and patients' survival data.
METHODS

Samples
One hundred and fifty cases of CRC were collected from the files of surgical pathology lab at the The institutional research board (IRB) of Mansoura University approved the study and REMARK criteria were applied 21 .
Clinical parameters and histopathological evaluation
The 150 cases were reviewed as regard all the clinico-pathological data with re-examination of all their slides. This review included: age, sex, location of the tumor, size and their shape, multiplicity, histological type, tumor grading, depth of invasion (T), tumor edges (either pushing or infiltrating microscopically), lymphovascular invasion, perineural invasion, peritumoral and intra-tumoral lymphocytic infiltration, extent of neutrophilic infiltrate, nearby and distant mucosa, if the tumor is on top of adenoma or not, number of lymph node metastases (N), distant metastasis (M), TNM staging according to the latest WHO version 6, surgical cut margins (if infiltrated by tumor tissue or not), associated schistosomiasis and any other findings.
Tissue Microarray construction
Hematoxylin and eosin stained sections were examined to choose representative areas for TMA construction. Three manual TMA blocks were constructed using modified mechanical pencil tip method as previously described by Foda in 2013 22 . Three representative cores of 0.8 mm diameter were punched out from each specimen of CRC. Cores of various normal tissues were included to serve as positive and negative controls. Sections from TMA blocks were prepared (4 µm thickness) for routine hematoxylin and eosin and immunohistochemistry.
Immunohistochemistry
Sections from each formalin fixed paraffin embedded tissue block were cut at 5 μm mounted on super frost plus slides. The slides were immunostained with the anti-MEK1 [p Ser221] Antibody 0.1 ml (Novus Biologicals cat # NBP1-41823) and the anti-DIAPH3 Antibody 0.1 ml (Novus Biologicals cat # NBP1-89099). The detection kit Power-Stain™ 1.0 Poly HRP DAB Kit for Mouse + Rabbit (Genemed Biotechnologies, inc, cat#52-0017) was used. The procedure was performed according to the manufactures' instructions. The technique is fully detailed in supplementry 1.
IHC technique: Slides were incubated in an oven at 57˚C for 10 minutes and dewaxed using warm xylene for 10 minutes and room temperature xylene for another 10 minutes. Then, they were gradually rehydrated in decreasing concentrations of alcohol followed by tap water. Sections were treated for antigen retrieval by immersing the slides in Citrate buffer pH 6 using a conventional microwave on power 800W for twenty minutes for boiling the tissue. The slides after that were washed by PBS-T (phosphate buffered saline+ 5% Triton-X100) for two times 10 minutes each. Endogenous peroxidase activity was blocked by adding drops of alcohol based hydrogen peroxidase for 20 minutes on the slides in the humidity chamber. Another round of wash by PBS-T for 3 times /3 minutes each was performed. Following optimization of the of the primary antibodies titre, for MEK1 a concentration of 1:200 was used, and for DIAPH3 a concentration of 1:100 was used. The diluted antibodies were incubated with the sections for one hour in a humidity chamber in room temperature. Another round of wash was performed by PBS-T for 3 times/ 3 minutes each. This was followed by application of the secondary antibody and incubation for 30 minutes followed by another round of wash by PBS-T for 3 times/ 3 minutes each. DAB -chromogen was applied for 3-5 minutes after that sections were counterstained by Mayer's hematoxylin.
Evaluation of IHC: MEK1 and DIAPH3 expressions were semi-quantitatively tested for each case. Only cytoplasmic expression of both markers was considered positive and scored. Intensity of staining was graded as: 0 (negative), 1 (weak), 2 (moderate), and 3 (strong); and the percent of positive-stained cells was reported for each core. The H-score for each core was calculated by multiplying the intensity score by the percentage of stained cells (0-300). The average H-score for each case was calculated for all the cores corresponding to each the case. The median value for MEK1 and DIAPH3 was used as a cut-off value to divide the cases into high expression group and negative/low expression group.
Statistical analysis
SPSS, version 16.0 for Windows (SPSS Inc, IBM, Chicago, Illinois) was used for data analysis. Chi-square test was used to test significant differences in categorical variables between different groups. Disease-free survival (DFS) was defined as the time from the date of surgery to the date of relapse or death, and overall survival (OS) was defined as the time from the date of surgery to the date of death. We analysed survival data using KaplanMeier method. A comparison of survival curves was performed using the log-rank test. A 2-tailed p value <0.05 was considered significant in all tests.
RESULTS
In total, 341 cases of CRC were received at surgical pathology lab of the Gastroenterology Center, Mansoura, Egypt, during the period from 2007 to 2011. According to the inclusion criteria of this study, 150 CRC specimens (44% of those screened) were included. These included 75 cases in the MG (22% of all screened cases) and 75 cases in the NMG (22% of all screened cases) 23 . The age of patients ranged from 20 to 80 years (mean=52.7, SD=13.094) and males represented 62% (93/150) of them. The detailed clinic-pathological and histological features of the 150 CRC cases were previously described by Foda et al 24 . Only 145 cases were amenable for analysis due to lost tissues in the TMA cores of 5 cases from the MG.
Cytoplasmic MEK1 expression was found in 74 out of the 145 CRC cases (51%) using the cut-off point Hscore of 186. Two thirds of NMG cases showed MEK1 overexpression in contrast to about 34% of MG cases. NMG showed significantly higher MEK1 expression than MG (table 1) .
Cytoplasmic DIAPH3 expression was detected in 73 out of the 145 CRC cases (50.3%). 53.3% of NMG cases and 47.1% of MG cases showed DIAPH3 overexpression which was not significantly different (p=0.456). Within the NMG, there was no significant difference among CA and AMC as regard to DIAPH3 expression (p=0.975). Within the MG, there was no significant difference among MA and SRCC in DIAPH3 expression (p=0.790) (Figure 2) .
Within the NMG, there was no significant difference between CA and AMC in MEK1 expression (p=0.866).
However, MEK1was significantly overexpressed within the MG, 42.3% of mucinous adenocarcinoma cases in comparison to only 11.1% of SRCC cases (p=0.016) (figure 1).
Of the 74 CRC cases that showed MEK1 overexpression, 48 cases (64.9%) had high DIAPH3 expression. Both MEK1 and DIAPH3 overexpression were significantly correlated (p<0.001). Similarly, within the NMG, 62% of cases with MEK1 overexpression showed concomitant high DIAPH3 expression, which was statistically significant (p=0.033). Within the MG, 70.8% of cases with MEK1 overexpression showed concomitant high DIAPH3 expression, which was statistically significant (p=0.004) ( Table 2) .
In all CRC cases, MEK1 overexpression was significantly associated with peri-tumoral and intratumoral lymphocytic response (p=0.005, 0.008 respectively). Seventy percent of cases with peritumoral lymphocytic response (Crohn's like response) and all cases with intra-tumoral lymphocytic response showed MEK1 overexpression, (Table 1) . Within NMG, 75.6% of cases with lympho-vascular emboli showed significant overexpression MEK1 (p=0.046). 90% of cases with schistosomiasis showed MEK1 overexpression, this was not significant statistically (P=0.093). Within MG, age older than 40 years was associated significantly with MEK1 overexpression (P=0.021). In all CRC cases, DIAPH3 overexpression did not show any statistically significant correlation with any of the tested variables. Within NMG, occurrence of lymphovascular emboli correlated to some extent with DIAPH3 overexpression, but this was not statistically significant (p=0.059). Eighty percent of cases with schistosomiasis showed DIAPH3 overexpression, but also this was not significant statistically (P=0.069). Within MG, DIAPH3 overexpression was associated with neither the clinic-pathological nor the histological parameters.
At time of updated survival data for this study, all patients either relapsed or died for DFS and all patients died for OS. To investigate the possible prognostic impact of MEK1 and DIAPH3 expressions on survival of CRC cases, univariate analysis was performed for all CRC cases and for each histological type individualy (Table 3 ). Furthermore, the relation of MEK1 and DIAPH3
expressions to OS and DFS of each histological suptype (CA, AMC, MA and SRCC) was also tested, and revealed no significant relations (data not shown) (Figures 3 and 4) .
DISCUSSION
Despite the progress in novel treatment modalities, CRC remains one of the major health burdens all over the world. Therefore, discovering novel biological markers for targeted therapy still being of major importance in the scope of cancer treatment especially adjuvant conventional chemotherapy or targeted therapy 1 Moreover, it is now well known that mucinous adenocarcinoma CRC is genetically dissimilar to nonmucinous adenocarcinoma variants and showed different expression of many biological markers with significant relations to survival [25] [26] [27] . Even CRC subgroups as AMC and SRCC showed unique genetic criteria 28, 29 . In the current study, we found a significant correlation between MEK-1 and DIAPH-3 expressions in both the non-mucinous and the mucinous adenocarcinomas. Additionally, the NMG showed a significantly higher expression of MEK-1 and DIAPH-3 than the MG with a significant moasic pattern in both of them. Those results are intersting, and given the very scarce data on MEK-1 and DIAPH-3 in CRC in the literature to confirm or refute the results of our study, further studies are srongly warranted.
The positivity rate of MEK1 and DIAPH-3 expression in CRC is more than 50% of the studied specimens, suggesting a potential synergistic role of MEK1 and DIAPH-3 overexpression in CRC development. Furthermore, the positivity rate of MEK1 expression is higher in the NMG but no significant difference for DIAPH-3 overexpression in the NMG and MG of the studied specimens.
The MAPK signalling pathway can be activated by extracellular signals via MEK1 which initiates the expression of proliferation and the transformation of related genes. It then will result in cellular proliferation and malignant transformation of colorectal mucosa. Increased MEK1 expression in CRC was suggested to activate the MAPK pathway that is involved in the carcinogenesis process by inducing increased cellular proliferation and anti-apoptosis 30 . Bai et al demonstrated that the expression of MEK1 in grade 3 corlorectal non-mucinous adenocarcinoma and mucinous adenocarcinoma was markedly higher than in the grade 1 and grade 2 non-mucinous adenocarcinoma, which indicated that MEK1 overexpression has a potential correlation with higher tumor grade and less differentiation of tumor cells 30 .
Conversely, in the current study expression of MEK1 did not exhibit any correlation with tumour grade. Additionally, we found that MEK1 is overexpressed in about 51% of the cases. Two thirds of NMG cases showed MEK1 overexpression in contrast to about 34% of MG cases. On the contrary, Bai et al that reported higher expression of MEK1 in MG than NMG 30 . We demonstrated that MEK1 overexpression is significantly associated with peri-tumoral and intratumoral lymphocytic response. Seventy percent of cases with peritumoral lymphocytic response (Crohn's like response) showed MEK1 overexpression, and all cases with intra-tumoral lymphocytic response showed MEK1 overexpression, those cases are supposed to carry a poor prognosis. This is in line with the results of Bai et al who reported that MEK1 is significantly more expressed in higher tumor stages (III and IV) compared to early tumour stages and they also found that MEK1 expression was higher in metastatic lymph nodes and hepatic metastases more than in the primary tumor sites significantly 31 . This is suggesting that MEK1 expression could facilitate the metastasis process of CRC cells by the lymphatic or the hematogenous pathways. Additionally, adhesion and motility of CRC cells and the hematogenous and lymphatic metastasis were promoted by MEK1 activated MAPK signalling pathway 32 . Our results together with the results of the aforementioned studies suggest that MEK1 expression might have a potential role in CRC progression and metastasis through possible multiple mechanisms that warrant further future functional studies to assess the current findings.
We showed a strong correlation between the overexpression of MEK-1 and DIAPH-3 as more than 70% of cases with MEK-1 overexpression showed DIAPH-3 positivity and this is statistically significant in both NMG and MG. However, MEK1 and DIAPH3 expressions did not correlate significantly with OS and DFS of each histological subtype (CA, AMC, MA and SRCC). The correlation between MEK1 overexpression and better OS is difficult to interpret, however it has no correlation with DFS, and therefore this point is intriguing and needs higher scale studies to further elaborate on our findings.
There are a very few publications which addressed the role of MEK-1 and DIAPH-3 overexpression in CRC, and to the best of our knowledge this is the first study to look at the correlation between the expression of both markers in CRC. Therefore, we recommend further studies to further scrutinize the possible joint functional attributes of MEK-1 and DIAPH-3 in CRC initiation and progression and additionally patients' prognosis.
Conclusion
The studied CRC cases showed overexpression of both MEK1 and DIAPH3 with strong correlation between them. MEK1, as a crucial member of the MAPK pathway, could play a synergistic role with DIAPH3 in CRC initiation and progression. However these results still need further research on a larger scale to explore the possible functional attributes of MEK1 and DIAPH3 in CRC and their role as potential prognostic factors.
